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ABSTRACT
Objective: To evaluate the importance of collagen 
and hydroxyapatite in the regeneration of fractures ex-
perimentally induced in the fibulas of rats.  Method: 15 
rats were used. These were subjected to surgery to re-
move a fragment from the fibula. This site then received 
a graft consisting of a silicone tubes filled with hydroxy-
apatite and collagen. Results: Little bone neoformation 
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occurred inside the tubes filled with the biomaterials. 
There was more neoformation in the tubes with colla-
gen.  Conclusion: The biomaterials used demonstrated 
biocompatibility and osteoconductive capacity that was 
capable of stimulating osteogenesis, even in bones with 
secondary mechanical and morphological functions such 
as the fibula of rats.
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INTRODUCTION 
The frequency of traumatic fractures has increased 
considerably over recent years, mainly as a result of ve-
hicle accidents and diseases affecting bone metabolism(1). 
Thus, different orthopedic treatments for stimulating 
and accelerating bone regeneration have been widely 
investigated. Among these, the use of fundamental bone 
grafts in clinical cases of comminuted or explosive frac-
tures in which there may be a need to use a graft be-
cause of the considerable loss of bone mass, according 
to the trauma energy or severity of the bone disease, has
been highlighted.  
As an alternative to repairing these fractures, with 
or without a possible association with autogenous bone 
grafts or other factors that induce osteogenesis, the use 
of biomaterials has also been highlighted because of 
their osteogenic properties and biocompatibility, along 
with the ease of construction, given the advances in tis-
sue engineering that have be made. Thus, hydroxyapa-
tite and collagen are among the various materials that 
have been receiving special attention in many studies 
that have sought synthetic implants that might be ideal 
for osteoconduction, biocompatibility and biomechani-
cal resistance during the repair process on bone defects 
or in regeneration from fractures(2-10).
Hydroxyapatite has good bone conductibility, 
which influences its reabsorption speed and is regu-
lated mainly by the porosity of the material(11). Direct 
stable contact between this biomaterial and the bone 
stimulates osteogenesis and therefore osseointegration 
of the biomaterial(12). Nandi et al(13) carried out a study 
to evaluate the efficiency of porous hydroxyapatite in 
bone defects that had been created in the diaphysis of 
the radius in goats, and observed good bone formation 
and revascularization in the area grafted with hydroxy-
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apatite, thereby confirming the natural biological osteo-
conductive property of this material.
The indications for the use of hydroxyapatite are 
directed towards correction of cranial maxillofacial de-
fects, traumatic events and congenital deformities, and 
may also be used in plastic surgery(14,15). Other substanc-
es that deserve attention are natural polymers, which 
have been used in many applications(16).
Natural polymers like collagen not only are biocom-
patible but also participate in controlling the structure 
of the tissue and in regulating the cell phenotype, thus 
simulating the extracellular matrix. Collagen is the most 
abundant fibrous protein in the human organism, rep-
resenting 25 to 30% of the total protein mass in mam-
mals. Since collagen is the main organic compound in 
bone tissue, it has been widely used for manufacturing 
biomaterials(17).
The biocompatibility and stability of collagen, which 
are due to its biological characteristics of biodegradabil-
ity and bioabsorbability, its antigenic debility and its ca-
pacity for easy manipulation into different forms, make 
it a fundamental resource for medical application(18). 
Takaoka et al(19) used collagen from demineralized bone 
together with hydroxyapatite for treating congenital and 
acquired orthopedic defects. From their results, they 
noted that collagen from demineralized bone grafted 
in combination with hydroxyapatite was an excellent 
osteoinductive material in association with bone mor-
phogenetic protein (BMP).
The aim of the present study was to evaluate the os-
teoconductive capacity of hydroxyapatite and collagen 
in the bone repair process in defects caused by removal 
of part of the middle third of the fibula in rats.
METHODS
 Animals
Fifteen adult albino Wistar rats (Rattus norvegicus) 
were used, which came from the vivarium of Jundiaí 
School of Medicine. The animals were divided as follows:
Group TS: animals that received an empty silicone 
tube in the defect that was created in the fibula;
Group TH: animals that received a silicone tube filled 
with hydroxyapatite in the defect that was created in the 
fibula; and
Group TC: animals that received a silicone tube 
filled with collagen in the defect that was created
in the fibula.
Surgical procedure
Firstly, the animals were weighed and anesthetized 
with a solution of ketamine (Francotar) and xylazine 
hydrochloride (Virbaxyl 2%), in proportions of 1:1 and 
at a dose of 0.10 ml/100 grams of body weight, intra-
muscularly. The animals were placed in dorsal decubitus 
and a longitudinal incision was made in the skin of the 
anterolateral region of the left leg. The musculature was 
moved aside in order to expose the fibula. With the aid 
of surgical materials, a defect was produced by remov-
ing approximately 2 mm from the middle third of the 
fibula. Silicone tubes were placed in this site.
Radiological evaluation
Eight weeks after the implantation, the animals were 
sacrificed and the leg bones were subjected to radiogra-
phy using the FUNK-X10 apparatus with a focal point 
of 0.8 x 0.8 mm and Kodak radiographic film measuring 
4.4 x 3.3 cm. 
Histological evaluation
The samples were subjected to the histological tech-
niques of fixation, decalcification and slide production, 
with semi-serial longitudinal sections in the area of the 
bone defect filled with silicone tubes. 
Morphometric study
The neoformed bone was quantified by means of 
stereology, in accordance with the Delesse principle 
(Mandarim de Lacerda, 1999). The following formula 
was used:
 VV = PP/PT (%), where:
 VV = volume density or relative volume;
PP = quantity of points (line intersections) over the 
neoformed bone; and
PT = total number of points in the system. 
By means of a quadrilateral grid of 100 points cou-
pled to the eyepiece of a Carl Zeiss optical microscope, 
the density of the neoformed bone volume in the area 
of the implanted silicone tubes was calculated, starting 
from the extremity of the fibular fragment. This analysis 
was performed with the objective lens of the optical 
microscope standardized as a magnification of 4x.
Statistical evaluation
 The technique used for analyzing the morphometric 
data was evaluation of three independent samples and 
parametric means, using the Watson-Williams method.
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RESULTS
Radiological evaluation
In the animals of the groups TS, TH and TC, it was 
seen that there was good interaction between the sili-
cone tube and the surrounding tissue, given that there 
was a clear radiopaque image of the outline of the tube 
and no radiological sign of pathological abnormalities 
(Figures 1, 2 and 3).
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In the animals of the group TS, it was noted that the 
interior of the silicone tube was partially filled with con-
nective tissue, without indications of bone neoformation 
(Figure 4). In addition, there was a proliferation of bone 
tissue from the fibular fragment towards the end of the 
implanted tube (Figure 5). In the animals in the groups 
TH and TC, it was observed that as well as connective 
tissue, areas of bone neoformation were present inside 
the silicone tube, together with young bone growing 
from the end of the fibular fragment (Figures 6 and 7).
Morphometric and statistical evaluation
From quantification of the percentage of neoformed 
bone in the area of the implant, it was seen that the 
values were greater for the groups TH (10.2%) and TC 
(13.4%) than for the group TS (2.6%). Statistically,
the values were different between the groups
(p < 0.05) (Figure 8).
DISCUSSION
The clinical limitations on the use of autogenous 
bone grafts in fractures with bone loss have led several 
studies towards advances in the field of tissue engineer-
ing and biomaterials, with the aim of manufacturing 
synthetic materials that would be capable of promoting 
fast osteogenesis and incorporation with bone tissue 
through osteoconductive and osteoinductive stimulation, 
without generating rejection complications associated 
with their use, as an essential biocompatibility factor, 
in addition to providing biomechanical resistance at the 
implant site(20). Hydroxyapatite and collagen meet these 
requirements and have been receiving considerable at-
tention within the fields of plastic surgery, orthopedics 
and dentistry(21). 
Duarte et al(22) used synthetic hydroxyapatite in a 
defect in the alveolar process of the mandible of dogs 
Figures 1, 2 and 3 n 'ROUPS 43 4( AND 4# RESPECTIVELY .OTE 
the radiopacity of the implanted silicone tube (S). Key: T = tibia; 
F = fibula.
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and observed intense proliferation of osteoblasts and 
neovascularization in the presence of the implant. Ca-
milli et al(23) implanted hydroxyapatite subperiosteally 
in the femur of rats and observed good bone neoforma-
tion in the area of the implant, as well as biocompat-
ibility. Similar results were also described by Pinheiro 
et al
(24) from implantation of hydroxyapatite in a bone 
defect created experimentally in the distal third of rats. 
Cunha et al(8) implanted collagen in defects in the femur 
of rats and noted that there was good closure of the 
area because large quantities of bone had formed. They 
concluded from biomechanical tests that the regenerated 
area presented good mechanical quality.
In addition to the importance that biomaterial im-
plants should present biocompatibility and osteocon-
ductive capacity for the bone regeneration process, the 
mechanical quality and type of embryological ossifica-
tion of the bone are also fundamental. Camilli et al(23) 
observed that the femur, which is an endochondral bone, 
responded better to hydroxyapatite implantation than did 
the skull cap, which originates from membranous ossifi-
cation. Raab et al(25) stated that the mechanical function 
of the bone influenced the resistance and formation of 
the bone tissue. Thus, it can be seen in the literature 
that most studies on biomaterials have used the femur 
and tibia of rats because of their good biomechanical 
capacity and endochondral origin, which is important 
for the osteogenic function of the bone(8-29).
Regarding the fibula of rats, it can be seen that it 
presents morphological peculiarities, since the axis of 
the distal diaphysis of the tibia fuses postnatally with the 
fibula. This process starts around the seventh day, with 
the formation of secondary cartilage that subsequently is 
replaced with endochondral ossification. Thus, the fibula 
presents low biomechanical quality and importance(30). 
It is defined that the fibula presents a reciprocal role in 
regulating the growth of the tibia in rats. The low bio-
mechanical influence of the fibula, even with the low 
action of gravity to which it is subjected, may interfere 
with the consolidation of fractures through its insuffi-
cient angiogenic and osteogenic function(31). 
Through the anatomical factors of the fibula men-
tioned earlier, we could see from our investigation that 
the amount of bone that formed inside the tubes with 
biomaterials that had been implanted in the bone defects 
of the fibula of the rats was a small quantity, compared 
with the results described in the literature using the fe-
mur and tibia. Moreover, there was no bone neoforma-
tion inside the empty tubes that were implanted. This 
may have occurred in view of the secondary biome-
chanical function of the fibula resulting from its fusion 
with the tibia and consequent low angiogenic and os-
teogenic function. These morphological characteristics 
of the fibula suggest that in the present study, the time 
for which the implant was left in place up to the time 
of sacrificing the animals was insufficient for the com-
plete process of osteoconduction among the biomaterials
to be achieved.
Despite the low amounts of bone neoformation in 
the area of the implant, we could see from the radio-
logical data that there was no rejection of the type of 
biomaterial used. This suggests that the materials were 
biocompatible, as also described by other researchers 
who used the same implants(32-35).
CONCLUSION
The biomaterials used had osteoconductive capac-
ity, even though the amount of bone neoformation in 
our study was low. However, other factors such as the 
embryology, ossification type, morphology and biome-
chanics of the bone that is studied are fundamental in 
the osteogenesis process. Thus, there is a need to draw 
up a better standardized and more scientifically based 
experimentation protocol in the cases of bones like the 
fibula of rats for which the biological qualities and me-
chanical parameters are not yet well defined, since these 
are factors that interfere directly in the expected results 
regarding the bone regeneration process.
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